Ribulose bisphosphate carboxylase (Rubisco) has been found in Vicia faba L. guard cell chloroplasts by two immunological methods, using antibodies raised against highly purified subunits of ribulose bisphosphate carboxylase. Indirect cytoimmunofluorescence revealed binding of antibodies aginst both the small and the large subunits of ribulose bisphosphate carboxylase. Binding was observed only after partial diges--tion ofguard cell walls by 4% Cellulysin to facilitate antibody penetration. After electrophoresis of a homogenate of guard cell protoplasts, the presence of both subunits was also revealed by immunolabeling technique. Positive response required the inhibition of proteolysis which appeared to be active upon homogenization. Protoplast Preparations. Protoplasts were prepared according to the method of Shimazaki et al. (10) with slight modification. Epidermal strips from the abaxial surface offully expanded leaves were trimmed into small pieces, transferred to 0.1 mm CaCl2, and sonicated twice for 20 s at 60 w with Sonicator MSE in order to eliminate adhering mesophyll cells and chloroplasts (10). The sonicated epidermal peels were placed in 60-Mm nylon mesh and rinsed with the same solution. After rinsing, the strips were incubated in 0.2 M mannitol, 1 mM CaCl2, and 4% Cellulysin for 60 min at room temperature. After washing with 0.4 M mannitol and 1 mM CaCl2 on 60-,gm nylon mesh, the peels were incubated in 0.4 M mannitol, 1 mm CaC12, 4% Cellulysin, pH 5.6, overnight at 4°C. Following a wash with the same solution, the strips were centrifuged (500g) for 5 min. Protoplasts were released after an additional 5-h incubation with Cellulysin at 30°C. The protoplast density was estimated with a hemocytometer. Adherence of mesophyll chloroplasts to the epidermal peels and contamination ofmesophyll chloroplasts in the guard cell preparation are readily detected under fluorescence microscope by their red intrinsic fluorescence (7). Contamination in the guard cell preparation was eventually estimated by counting intact mesophyll protoplasts or chloroplasts which are readily distinguishable under fluorescence microscope from guard cell protoplasts or chloroplasts. No contanminating intact mesophyll cells were found and the number of mesophyll chloroplasts did not exceed 0.1% of the total guard cell chloroplasts. Mesophyll protoplasts were prepared by incubating leaf pieces in 0.5 M mannitol, 4% Cellulysin, and 1 mm CaCl2 for 2 h at 30°C and were collected after centrifugation (300g) for 5 min.
Guard cells, in contrast to their counterparts, the epidermal cells, contain chloroplasts. However, biochemical studies of guard cell chloroplasts are very difficult to perform due to the low proportion of these cells in leaves. Besides, contamination of mesophyll chloroplasts in isolated guard cell preparation constitutes another problem (8) . Because of these difficulties, one can find conflicting conclusions regarding the main features of guard cell chloroplasts. Although there is general agreement that these chloroplasts are capable of carrying out most of the light reactions of photosynthesis (5, 10, 14) , there are some investigators who have questioned the existence of PSII (1 1). Furthermore, it is still not clear whether Rubisco2 is present in guard cells and whether Calvin cycle is operable. Raschke and Dittrich (9) and more recently Outlaw et al. (7) could not demonstrate the existence of this enzyme in these cells.
It is well documented that guard cells fix CO2 via C4 pathway and that the key enzyme is phosphoenolpyruvate carboxylase. However, this pathway cannot account for a net CO2 fixation into sugars in guard cells. It was suggested that these cells lack the capability to fix CO2 photosynthetically via Calvin cycle and that they are therefore heterotrophic. The carbon skeletons needed for starch synthesis within these cells are suggested to be imported from the mesophyll (8, 11) . On the other hand, there are several studies that demonstrate the existence of Rubisco (8) . Since (Fig. 1A) . Some yellow-green autofluorescence of the cell wall, which is attributed to lignin, was observed. In contrast, after partial digestion in 4% Cellulysin, a clear yellow-green fluorescence was detected in the guard cell chloroplasts indicating specific binding of the primary antibodies (Fig. 1, E and F ). Controls were included in order to discriminate between specific primary antibody binding (Fig. 1, E and F) , autofluorescence ( Fig. 1 B) , nonspecific IgG binding (Fig. IC) , or the fluorochrome binding (Fig. ID) .
Electrophoresis of Guard Cell Proteins Followed by Immunolabeling of Both Subunits of Rubisco. When guard cell homogenate was electrophoresed, electrotransferred to nitrocellulose sheet, and incubated with antibodies against the large subunit (55 kD), initially no reaction was obtained (Fig. 2, lane 1) , in contrast to mesophyll homogenate which bound these antibodies (Fig. 2, lane 5) . When the same amount of mesophyll protoplasts was mixed with an equivalent amount of guard cells (on Chl basis) and then electrophoresis was performed, the band which corresponded with the large subunit ofthe mesophyll disappeared (Fig. 2, lane 3) . A possible interpretation of the loss of mesophyll Rubisco in the presence of guard cell homogenate is that proteases were released from their compartments in guard cells during the homogenization process and brought about protein breakdown in vitro. To test this possibility, we tried to inhibit proteolysis in several ways during the homogenization process. Figure 2 depicts such an experiment and it can be seen that boiling inhibited very efficiently Rubisco in vitro (lanes 2, 4, and 6). Guard cell homogenate bound the antibodies against both the small and large subunits of Rubisco only after inhibiting the in vitro proteolysis (Fig. 3 ). An additional advantage of using this approach is the ability to quantify specific proteins in crude extract. By slicing and counting the radioactive bands of the nitrocellulose paper, it was possible to determine the relative amounts of Rubisco. antisera based on partial enzymic proteolysis and analysis of the fingerprinting of the protein cleavage products by PAGE has been described previously (6) . Staphylococcus aureus V8 protease was applied to the large subunit sliced from slab gel, and after 20-min incubation the proteins were electrophoresed overnight. Figure 4 depicts the cleavage pattern of the protein both after staining with Coomassie blue and after immunolabeling with the antibody against the large subunit of Rubisco. Contaminating antibody would give additional radioactive bands in the blot as compared to the stained gel. When the patterns are compared, no additional bands in the blot compared to the stained pattern could be found (Fig. 4, lanes 2 and 4) Thus, mesophyll cannot be regarded as an appropriate control for testing the penetration problem. Our study has revealed that a partial digestion ofcell wall is a prerequisite for immunological in situ studies in guard cell. The possibility of misleading interpretation due to mesophyll chloroplast contamination in the epidermal peels can be ruled out since the specific fluorescence is clearly visualized under the fluorescence microscope, originated only from the chloroplast within the guard cells.
Outlaw et al. (7) could not demonstrate the presence of Rubisco using immunoelectrophoresis, and our initial results confirmed theirs. However, when we prevented the in vitro activity of proteases which were presumably liberated during guard cell homogenization, both subunits of Rubisco were shown to be present in guard cells. Moreover, the amount of this enzyme, though less than in mesophyll (40-50% on Chl basis), is not at all negligible (Table I) .
Our study in based on specific immunogenic recognition indicating the existence of the protein, and does not prove that the enzyme is operable. However, our demonstration of high proteolytic activity during homogenization ofguard cells may account for the failure of the others (9) to detect enzyme activity. ' The two methods employed here confirm and complement each other. The cytoimmunofluorescence study proved the localization of the Rubisco within guard cell chloroplasts and not in adhering mesophyll chloroplasts, whereas the immunolabeling technique following SDS-PAGE ruled out the possibility of nonspecific binding of the antibodies.
We feel that the results reported in this work, indicating the presence of Rubisco in guard cells, justify reopening the issue of the existence of the photosynthetic carbon reduction pathways in guard cells.
